Abstract Tomato (Solanum lycopersicum) is one of many greenhouse crops that can be infected by the necrotrophic ascomycete Botrytis cinerea. Commercial cultivation of tomato is hampered by the lack of resistance. Quantitative resistance has been reported in wild tomato relatives, mostly based on leaf assays. We aimed to identify wild tomato relatives with resistance to B. cinerea based on quantitative assays both on leaves and stem segments, monitoring infection frequency and disease expansion rate as parameters. A quantitative tomato stem segment assay was developed. This stem assay and a previously described leaf assay were used to screen a collection of 22 Solanum accessions. Significant differences in disease parameters were observed among accessions. Resistance to B. cinerea was observed in a number of wild Solanum species, including accessions of S. chilense, S. habrochaites and S. neorickii, both in the leaf assay and the stem segment assay. A number of resistant and susceptible accessions were evaluated as adult plants under greenhouse conditions. The data obtained in greenhouse assays confirmed the leaf and stem disease data. The expression of several defence-related genes was studied in a subset of accessions. There was no apparent correlation between the expression levels of the genes tested and the quantitative resistance level to B. cinerea.
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Introduction
Botrytis cinerea is a necrotrophic plant pathogenic fungus that can infect at least 235 host species (Jarvis, 1977) . The pathogen can cause spots, rot and blight in the field as well as in greenhouses. Furthermore, it is renowned as post-harvest pathogen on many harvested commodities (Elad, Williamson, Tudzynski, & Delen, 2004) . Infected plant tissues initially produce a white mycelium on which grey conidia develop, hence the common name of diseases caused by B. cinerea: grey mould. Cultivated tomato (recently renamed from Lycopersicon esculentum into Solanum lycopersicum, Spooner, Peralta, & Knapp, 2005) is one of its economically important hosts, however, tomato breeding lines are generally considered to lack variation for resistance levels. In commercial tomato cultivation, grey mould predominantly occurs on stems after pruning of side shoots. Tomato fruit may display symptoms of primary, non-expanding lesions referred to as ghost spot (Verhoeff, 1970) . The interaction of B. cinerea with tomato has been thoroughly investigated (Benito, ten Have, van't Klooster, & van Kan, 1998; Diaz, ten Have, & van Kan, 2002; Rijkenberg, de Leeuw, & Verhoeff, 1980; ten Have, Mulder, Visser, & and van Kan, 1998) . A number of studies indicate that the species S. lycopersicum may possess a (low) level of quantitative resistance to B. cinerea. Droplet inoculation of tomato leaves results in a rapid development (16) (17) (18) (19) (20) (21) (22) (23) (24) of necrotic spots at the inoculation site, but infection is temporarily restricted at this point for approximately 48 h. From that moment onwards a proportion of the primary lesions start to expand, leading to an increase in fungal biomass and colonization of the entire leaflet in the following 48 h (Benito et al., 1998) . The partial resistance mechanisms that mediate primary lesion containment involve phytohormone signalling pathways (Diaz et al., 2002) . Ethylene, salicylic acid and jasmonic acid each individually and independently influence the proportion of aggressive, expanding lesions without affecting the lesion expansion rate, but neither of these hormones can induce full resistance (Diaz et al., 2002) . Abscisic acid also influences tomato leaf resistance to B. cinerea (Audenaert, De Meyer, & Hö fte, 2002) .
Grey mould occurs in commercial greenhouses predominantly on wound surfaces after pruning of side shoots or accidental wounding. Leaf assays may not therefore be the most representative for a greenhouse situation. Resistance to B. cinerea in leaves might not be functional in stems and viceversa. Dik, Koning, and Kohl (1999) previously described a stem inoculation procedure for the evaluation of biological control agents on S. lycopersicum, making use of a disease index for quantification.
Wild relatives of tomato provide a rich source of quantitative resistances to pests and pathogens (Fernandez-Munoz, Domínguez, & Cuartero, 2000; Huang, Hoefs-van de Putte, Haanstra-van der Meer, Meijer-Dekens, & Lindhout, 2000; Pico, Sifres, Elia, Diez, & Nuez, 2000; Rosello et al., 1999) . Quantitative resistance to B. cinerea in wild relatives of S. lycopersicum was reported in infection assays using leaves inoculated with mycelium grown on agar plugs (Urbasch, 1986) . The differences in susceptibility between accessions were described in qualitative terms by Urbasch (1986) but the resistance levels may have been underestimated due to the very favourable conditions for fungal growth, resulting from the excess of nutrients in the agar. More recently, a number of Solanum accessions were tested for resistance to B. cinerea in quantitative disease assays on leaves (Guimaraes, Chetelat, & Stotz, 2004; Nicot et al., 2002) or stems (Nicot et al., 2002) inoculated with conidial suspensions.
Here we describe the development of a quantitative disease assay for B. cinerea infection on tomato stem segments and the screening of a collection of wild tomato relatives for resistance to grey mould in leaves and stem segments.
Materials and methods
Plants
Plant accessions tested are listed in Table 1 . These accessions were present in public seed libraries, or obtained from De Ruiter Seeds (Bergschenhoek, The Netherlands). Plants were grown in potting soil in 12 cm pots (1 l) in a greenhouse with minimal temperature set at 15 or 18°C. Additional sodium light was applied (16 h day) in winter, from October to March. At 5-7 days after germination, 10 ml FeNaEDTA solution (3.5 g l -1 ) was added, Hoagland and Arnon (1938) was added to the soil weekly. Plants were tested in infection assays before anthesis in order to eliminate effects of flowering on host physiology and resistance.
Leaf assay
Inoculum of B. cinerea strain B05.10 was prepared on malt agar (Oxoid) as described (Benito et al., 1998) . Compound leaves with five fully stretched leaflets were detached from the stem of 6 week-old plants with a razor blade and transferred to pre-wetted floral foam (Smithers-Oasis, Grü nstadt, Germany). The floral foam was placed in a Petri dish containing tap water and subsequently placed in a container with wet filter paper at the base, with the leaves placed horizontally. Six to ten droplets of inoculum (2 ll, 10 6 conidia ml -1 in Gamborg's B5 medium supplemented with 10 mM glucose and 10 mM phosphate buffer, pH 6.0) were carefully pipetted on the adaxial leaf surface. Containers were closed with a spray-wetted lid to obtain 100% RH, and subsequently incubated at 15°C in the dark. Lesion sizes were measured at 96, 120 and 144 HPI using a caliper. The LIF was determined by dividing the total number of leaf lesions expanding beyond the inoculation site (Supplementary  Table 1B) , by the total number of inoculation droplets (Supplementary Table 1A ). The RLIF was defined as the LIF on a particular accession divided by the LIF in the susceptible control (S. lycopersicum cv. Moneymaker) in the same experiment (· 100%). LLERS were determined by calculating the increase in lesion size over a 24 h period, between 4 and 5 dpi (Supplementary Table 1C ). Data for non-expanding lesions were omitted from the analysis. RLLER was defined as the average LLER on a particular accession divided by the average LLER in the susceptible control (S. lycopersicum cv. Moneymaker) in the same experiment (· 100%). A total of 13 accessions was tested (one leaf per plant) in 13 experiments over a period of 18 months, on at least 5 (G1.1558) up to 39 individual plants (83/2896) per accession.
Stem assay (standardized procedure)
Six week-old plants were used for inoculation. Leaves and the stem apex were removed, the stem was cut at 5 cm above the stem base and subsequently cut into equal segments of 5-6 cm. The segments were placed vertically in a grid with their base on wet filter paper, in a container. Prior to inoculation, the stem segments were sprayed with tap water in order to ensure equal distribution of the inoculum droplet over the wound surface. Inoculum was prepared as described for the leaf assay, but the stem segments were inoculated on top with a single droplet of 5 ll (10 6 conidia ml -1 in Gamborg's B5 medium supplemented with 10 mM glucose and 10 mM phosphate buffer, pH 6.0). Containers were closed with a spray-wetted lid to obtain 100% RH and subsequently incubated at 20°C in the dark. Progress of the infection was analysed at 96, 120 and 144 HPI by measuring the maximum advance of stem rot symptoms at the periphery using a caliper.
SIF was determined by dividing the total number of stem segments showing stem rot symptoms expanding beyond the inoculation site (Supplementary Table 2B ), by the total number of inoculated stem segments (Supplementary Table 2A ). RSIF was defined as the SIF on a particular accession divided by the SIF in the susceptible control (S. lycopersicum cv. Moneymaker) in the same experiment (· 100%). SRERs were determined by calculating the increase in lesion size over a 24 h period, between 4 and 5 dpi (Supplementary Table 2C ). Data for non-expanding lesions were omitted from the analysis. RSRER was defined as the average SRER on a particular accession divided by the average SRER in the susceptible control (S. lycopersicum cv. Moneymaker) in the same experiment (· 100%). A total of 16 accessions was tested in nine experiments, over a 10-month period, for both disease parameters on at least 44 (LA2172) up to 206 stem segments (89/3695) per accession.
Statistical analysis
All statistical analyses were performed using SPSS 12. To correct for differences between experiments, the data for all accessions were related to the control cv. Moneymaker and hence relative values are presented throughout this study. Statistical analyses were only performed for accessions with replicated data over two or more independent experiments. Statistical analyses consisted of weighted linear regressions in which 'accession' was fitted as the main explanatory variable and the number of experimental units per accession involved in the measurements as a weighing factor. Other explanatory factors like 'measurement week', were introduced in the model, but only retained in the final analysis if they explained a significant fraction of the variance.
Initial exploratory analyses were performed using boxplots. These indicated differences among groups of accessions. To quantify differences and to obtain homogeneous subsets of accessions, we performed Ryan-Einot-Gabriel-Welsch step-down range tests based on the F-statistic (REGWF test). Simple correlations between disease parameters were evaluated.
Adult plant assays
Four plants of each accession and ten plants of the control S. lycopersicum cv. Moneymaker were grown according to a randomized block design in a rockwool cultivation system in the greenhouse according to standard practice and temperature set at 20/18°C day/night. As inoculum, 50 citrus fruits with heavily sporulating B. cinerea (strain B05.10) were randomly placed through the greenhouse. High humidity was maintained by spraying the floor twice a day with tap water and leaving doors and windows closed. At weekly intervals sideshoots were removed and the resulting pruning wounds served to facilitate natural infection by B. cinerea conidia from the citrus fruits. The occurrence of grey mould was monitored twice a week during a period of four weeks. In a separate experimental design, sideshoots were removed and the resulting wounds were immediately inoculated with 10 ll droplets of a conidial suspension of B. cinerea strain B05.10. The progress of infection was monitored twice a week during a period of four weeks. Inoculations that resulted in heavy stem rot extending beyond the inoculation point, and culminating in degeneration of the vascular system, were considered as successful infections. Inoculations yielding symptoms that did not expand through the stem were considered as unsuccessful infections.
RNA hybridization
Stem segments infected by B. cinerea, were sampled at 3, 4 and 5 dpi, and dissected into two parts: a basal part appearing healthy and a top part that was clearly rotten. RNA was extracted from both segments and analysed by hybridization with specific DNA probes as described by Diaz et al. (2002) , using however moderate stringency washing (0.5 · SSC, 0.5% SDS at 60°C). The probes used originated from the B. cinerea actin gene (Benito et al., 1998) and the tomato genes ACC oxidase ACO3 (Hamilton, Bouzayen, & Grierson, 1991) , proteinase inhibitor I (Graham, Hall, Pearce, & Ryan, 1986) , pathogenesis-related proteins PR-1, GLUAC and GLUBAS (van Kan, Joosten, Wagemakers, van den Berg-Velthuis, & de Wit, 1992) and LeHSR203 (Hoeberichts, ten Have, & Woltering, 2003) .
Results
Quantitative assays on detached tomato leaves
A detached leaf assay was used to evaluate the resistance levels of different Solanum accessions. For each individual plant one leaf was detached and inoculated. A total of 13 accessions was tested in 13 experiments on at least 5 (S. chilense G1.1558) up to 39 leaves (S. lycopersicum 83/ 2896) per accession (see Supplementary Tables  S1A-S1C ). Most accessions were tested in two to four independent experiments. A large variation in LIF and LLER was observed in the susceptible control (S. lycopersicum cv. Moneymaker) in different experiments (Fig. 1) .
For logistic reasons it was not feasible to test all accessions under study in a single experiment in the same period, thus complicating quantitative comparison between accessions. We therefore determined RLIF and RLLER, as related to S. lycopersicum cv. Moneymaker, in order to correct for differences between experiments performed in different weeks (Table 2) . Six accessions (S. lycopersicum accessions 78/1604 and 91/4311, S. lycopersicoides 96/4326, S. chilense G1.1556, S. habrochaites G1.1560 and S. neorickii G1.1601) showed a significantly lower mean weighted RLIF than the reference (Table 2) . Three accessions (S. lycopersicum 91/4311, S. chilense G1.1556 and S. neorickii G1.1601) showed a significantly lower RLLER, whereas S. lycopersicoides 96/ 4326 showed a significantly higher RLLER than the reference (Table 2) .
Development of standard stem segment inoculation procedure for S. lycopersicum
We intended to design a reproducible and discriminative stem inoculation procedure that should be suited for larger numbers of samples and that should yield quantitative data on infection frequency and SRER. Plants of the susceptible control (S. lycopersicum cv. Moneymaker) were used for optimising the stem segment assay. First, we evaluated the differences in disease parameters between several stem segments depending on the position in the stem (Fig. 2) . Stem segments from the base as well as from the apex consistently showed a slower disease progress then the central stem segments. No difference in infection frequency or stem lesion length was observed between segments cut at the nodes or at the internodes, except for segments originating from the plant apex (Fig. 2) . The effect of plant age on resistance was also tested. Plants ranging in age between four and seven weeks old were cut into eight segments of equal length and tested for resistance levels (Fig. 3) . Four week-old plants showed the highest susceptibility in the apical segments. At 120 HPI the three top stem segments were fully macerated. The standard error of means was high when using stem segments derived from four week-old plants, hence such plants do not provide good material for reproducible assays. Five to seven week-old plants showed a more consistent infection. Expression of tomato defence genes in infected stem segments Defence pathways regulated by salicylic acid, ethylene and jasmonic acid are induced in B. cinerea-infected tomato leaves (Diaz et al., 2002) . Gene expression studies were performed to study whether these pathways are also activated in B. cinerea-infected tomato stem segments, using probes considered to be markers for the activation of different phytohormone-mediated defence pathways (van Kan, Cozijnsen, Danhash, & de Wit, 1995) : the ethylene-responsive ACC oxidase gene LeACO3, a salicylic acid-responsive PR1 gene and the jasmonate-and systeminresponsive Proteinase Inhibitor I gene. Stem segments of S. lycopersicum cv. Moneymaker infected by B. cinerea were sampled at different times and dissected in a basal part, appearing healthy, and a top part that was clearly rotten. RNA was extracted from both segments and analysed by hybridization (Fig. 4) . B. cinerea actin mRNA was readily detected in the rotten part of the stem segment at 3 dpi, when the first rot symptoms were evident, and its levels increased over the next two days (Fig. 4) . Transcripts of ACC oxidase (an ethylene-responsive gene) and PR1 (a salicylic acid-responsive gene) were detected both in the base and in the top of the infected stem segment, whereas Proteinase Inhibitor I mRNA was only detected in the rotten top segment but not in the apparently healthy basal segment (Fig. 4) . Uninoculated stem tissue did not show detectable transcript with either probe (not shown).
B. cinerea symptoms on stem segments of different Solanum species
Based on the pilot experiments with S. lycopersicum cv. Moneymaker, we used plants of around six weeks old for stem segment inoculation. Since lesion sizes at 120 HPI could extend up to 4 cm (Fig. 2) , stem segments of 5-6 cm were taken from the central part of the plant. Differences in disease symptoms were observed among the accessions tested. The S. habrochaites and S. chilense accessions tested had quite woody stems and B. cinerea infection largely occurred on the inside of the stems. In contrast, all S. lycopersicum accessions showed homogeneous infection of B. cinerea throughout the stem. At 144 HPI, several infected stem pieces were dissected for more thorough examination. First, we verified that the advance of the rot inside the woody stem segments was in agreement with the measurement based on rot symptoms at the stem periphery. Second, cotton blue and lactophenol staining showed that mycelium was never detected beyond the macroscopically visible infection front. We conclude that latent, symptomless infection does not occur in tomato stem segments. Measuring rot on the stem segment periphery therefore served as a satisfactory quantitative marker of disease progress.
Quantitative resistance assays on stem segments of different Solanum accessions A total of 16 accessions was tested in nine experiments for both disease parameters on at least 44 (S. peruvianum LA2172) up to 206 stem segments (S. lycopersicum 89/3695) per accession. SIF and SRER were monitored daily. The SIF on the susceptible control S. lycopersicum cv. Moneymaker over all the experiments ranged from 52 to 95%, with an average of 83%, while the SRER ranged from 5.4 to 9.2 mm day -1 (Fig. 5) . To correct for variation between experiments, RSIF and RSRER between 96 and 120 HPI were determined for each accession (Table 3) . S. habrochaites G1.1560 displayed a mean weighted RSIF significantly lower than the susceptible control (P = 0.001), whereas S. lycopersicum 82/2577 showed a higher mean weighted RSIF (P = 0.03). Four accessions (S. pimpinellifolium 89/3793, S. habrochaites accessions G1.1290 and T566/81, and S. neorickii G1.1601) showed a significantly lower mean weighted RSRER than that of the susceptible control (Table 3) .
Adult plant assays
Grey mould resistance of the accessions was so far only tested on detached tissues. However, the ultimate test should be done in practical tomato cultivation in the greenhouse. Therefore, qualitative assays were performed on adult plants of a selection of accessions, grown in a greenhouse. In the first experiment, we attempted to achieve natural infection by placing profusely sporulating citrus fruit in the greenhouse and generating pruning wounds at several time points as gate- a The accessions were tested in 9 independent experiments over a 12 months period. See Supplementary Tables S2A-S2C for ways for the infection. The control S. lycopersicum cv. Moneymaker was readily infected, while only very few primary disease symptoms were observed at all in the wild Solanum accessions (data not shown).
As there was some doubt about the disease pressure in the first experiment, a second experiment was performed with artificial inoculation on pruning wounds. The inoculated wound surface and surrounding stem tissue developed primary necrotic lesions 72 HPI. The S. lycopersicum accessions, except for 78/1604 and 91/4311, as well as S. lycopersicoides 96/4326 became readily infected beyond the wound site where the inoculum was applied, leading to invasion and degeneration of vascular tissue and finally culminating in plant collapse. Primary necrotic lesions in the wild Solanum accessions tested did not extend beyond the site of inoculation (Table 4) . Two weeks post-inoculation, plants that displayed no symptoms beyond the inoculation site were analysed in further detail. A transverse cut was made at the site of inoculation to examine fungal ingress. Some of the necrotic areas had not expanded into the main stem. In other cases the necrotic area had expanded, but it never covered more than 30% of the transverse surface of the stem.
Expression of defence-related genes in B. cinerea-infected Solanum accessions Gene expression was studied in a subset of Solanum accessions, representing different species and different resistance levels in leaves and/or stems (Table 5 ). Besides the probes used for the gene expression analysis shown in Fig. 3 , three additional probes were used derived from the ethylene-responsive intracellular glucanase I, the salicylate-responsive extracelluar glucanase II (van Kan et al., 1995) and the LeHSR203 gene, which serves as marker for programmed cell death (Hoeberichts et al., 2003) . Results of the hybridizations are shown in Fig. 6 . BcactA and tomato ACC oxidase mRNAs showed similar expression in wild Solanum accessions as in S. lycopersicum cv. Moneymaker (see Fig. 4 ), however, PR1 mRNA was not detected in any of the tested B. cinerea-infected Solanum accessions. Extracellular glucanase II mRNA was detected at low levels in all accessions, whereas Glucanase I mRNA levels were high in all accessions tested. Proteinase Inhibitor 1 mRNA was not detected in any sample (not shown). LeHSR203 mRNA, a marker transcript for programmed cell death, is induced in B. cinerea-infected tomato leaves (Hoeberichts et al., 2003) , and it was also detected Table 4 Qualitative disease assay on adult plants grown in a greenhouse Speciesin some of the Solanum accessions tested. No hybridization was detected in non-inoculated stems of the accessions tested using any probe (not shown).
Discussion
Quantitative disease assays were applied for evaluating partial resistance to B. cinerea in wild relatives of cultured tomato, both in leaves and stem segments. In both tissues two separate parameters for resistance were determined, i.e. the proportion of inoculation sites that led to successful disease outgrowth (infection frequency) and the speed of disease outgrowth over a 24 h timespan (expansion rate). The detached leaf assays were prone to several experimental limitations that hampered robust quantitative analysis. There were obvious physiological differences between the Solanum species tested. All plants were cultivated in the same greenhouse compartment under the same conditions, which were optimal for S. lycopersicum cv. Moneymaker, a tomato cultivar typically suited for cultivation in a greenhouse. Leaves of several wild Solanum species did not tolerate the high humidity that is essential for B. cinerea infection assays (Williamson, 1994) . These leaves developed bleached spots which turned into a callus- Tables 2 and 3 Fig. 6 RNA blot of infected stem segments of different Solanum accessions. Stem segments of Solanum accessions with different levels of partial leaf or stem resistance (see Table 5 ) were inoculated with conidia of B. cinerea and incubated. RNA was extracted from rotten and non-rotten parts at 5 days post-inoculation. Lanes 1-6 contain RNAs from the following accessions: 1: LA2172; 2: G1.1556; 3:
89/3793; 4: G1.1601; 5: G1.1558; 6: G1.1615. The blots were hybridized with the indicated probes: BcactA = B. cinerea actin; ACC oxidase = tomato ACO3; PR1 = tomato PR1b (PR-P6); Glucanase I = basic, vacuolar b-1,3-glucanase GLUBAS; Glucanase II = acidic, extracellular b-1,3-glucanase GLUAC; LeHSR203 = tomato hsr203J homolog, a marker gene for programmed cell death Eur J Plant Pathol (2007) 117:153-166 163 like oedema and completely disintegrated, as also previously reported (Moreau et al., 1997; Nicot et al., 2002) . The standard deviation within a leaf inoculation experiment was usually small but large differences were observed between experiments for some accessions. In the susceptible control, S. lycopersicum cv. Moneymaker, both the LIF and the LLER were found to vary fourfold between experiments. Attempts to minimize such variation were unsuccessful. Inoculation was also performed on leaves attached to the plant in humid plastic tents put up in greenhouses, or in growth cabinets set at 96% RH, but the results were not sufficiently reproducible (data not shown). The stem assay appeared to be more robust in terms of reproducibility between experiments performed in different seasons. Even though the number of data points in stem segment assays (5-10 per individual plant) was smaller than in the leaf assays (40 per individual plant), variation between experiments in the stem segment assays was less than two-fold for both disease parameters (compare Figs. 1 and 5 ). Six accessions showed significantly reduced LIF, three of which (S. lycopersicum 91/4311, S. chilense G1.1556 and S. neorickii G1.1601) also showed a significantly lower LLER, while the other three only showed resistance for a single parameter (Table 2 ). There were also differences among accessions in SIF (Table 3) . However, the smaller number of observations (one inoculation per stem segment, as compared to 40 inoculations per leaf) affected the statistical significance. Only S. habrochaites G1.1560 was significantly more resistant in the stem segment assay with respect to the SIF. This accession was also reported by Nicot et al. (2002) to be more resistant. The three accessions that were resistant for both disease parameters in the leaf assay (S. lycopersicum 91/ 4311, S. chilense G1.1556 and S. neorickii G1.1601) also showed a lower RSIF than the control, but the differences were not significant (Table 3) . None of the accessions tested in the stem segment assay was significantly more resistant for both disease parameters.
A correlation was observed between the infection frequencies on leaves and stem segments (r = 0.78; n = 8), as well as for the lesion expansion rates on leaves and stems (r = 0.70; n = 8).
There was, however, only a very poor correlation between infection frequency and expansion rates on leaves (r = 0.28; n = 11) or stem segments (r = 0.42; n = 19).
Traits affecting the infection frequency or disease expansion rate might be based on independent mechanisms and could involve distinct loci in the genome. Moreover, resistance to B. cinerea in leaves may involve mechanisms and genetic loci distinct from those conferring resistance in stems. Several accessions were identified with an IF significantly lower than in the control, yet the leaf lesions or stem rot that expanded did so at similar rate (e.g. S. lycopersicum 78/1604). The converse was not found: no accessions displayed an IF comparable to that of S. lycopersicum cv. Moneymaker but a slower disease growth rate than the control. Thus the genetic traits may not contribute equally to either resistance parameter.
It is tempting to consider the IF parameter as the most important and attractive to be applied in resistance screening programmes, because it is easier to determine experimentally. However, some accessions with a low RLIF displayed a disease expansion rate that was higher than the control (e.g. in leaves and stems of S. lycopersicoides 96/4326), which may eventually lead to faster and heavier sporulation, thereby causing the outbreak of a grey mould epidemic. We propose that determination of the disease expansion rate on either leaf or stem, although more laborious, has an added value for evaluating resistance levels.
Guimarã es et al. (2004) observed that a resistant S. lycopersicoides accession caused the death and degeneration of GFP-expressing B. cinerea hyphae in the infected tissue, resulting in loss of GFP fluorescence. We did not examine resistant accessions described here for hyphal degeneration in a similar way, because the GFP-expressing B. cinerea strain used by Guimarã es et al. (2004) was poorly virulent under our experimental conditions, even on the susceptible S. lycopersicum cv. Moneymaker (ten Have, unpublished results).
The expression of several genes was monitored considered to be representative for defence responses mediated by signalling pathways that involve either ethylene (type I b-1,3-glucanase), jasmonate (proteinase inhibitor I) or salicylate (PR1, type II b-1,3-glucanase), which all contribute to partial resistance in cultivated tomato, S. lycopersicum (Diaz et al., 2002) . We investigated whether one or more defence pathways were constitutively activated or induced to higher levels in a subset of accessions, representing multiple Solanum species and displaying a spectrum of partial resistance levels. Resistance levels in the wild accessions analysed for gene expression did not correlate with the expression of salicylateinducible PR proteins (PR1, type II b-1,3-glucanase). Expression of PR1 mRNA was detected only in S. lycopersicum (Fig. 4) but not in the other Solanum species tested (Fig. 6) , even though the probes and experimental conditions used were appropriate to detect hybridization to genomic DNA in these species (not shown). It was previously reported that PR proteins do not contribute in resistance mechanisms of tomato leaves to B. cinerea (Diaz et al., 2002) . Ethylene production was induced in all accessions tested as evidenced by the increase in transcript levels of ACC oxidase (Figs. 4 and 6 ), leading to induction of ethyleneresponsive genes such as the intracellular type I b-1,3-glucanase-encoding gene (Fig. 6) .
In potato cultivars differing in partial (race non-specific) resistance to the late blight pathogen Phytophthora infestans, a correlation was observed between constitutive expression of PRprotein encoding genes and the level of partial resistance (Vleeshouwers, van Dooijeweert, Govers, Kamoun, & Colon, 2000) . Also in rice, accessions showing partial resistance to the rice blast fungus Magnaporthe grisea had a higher level of endogenous salicylate and concomitantly higher expression of salicylate-induced defence genes (Silverman et al., 1995) . Altogether, the expression analysis in the Solanum accessions tested did not pinpoint any particular gene whose expression pattern was possibly associated with higher levels of partial resistance to grey mould. It thus remains to be resolved which defence pathways and mechanism(s) contribute to the reduction of B. cinerea infection frequency and disease expansion in resistant accessions.
The availability of a reproducible quantitative assay, as well as the identification of accessions with a genetically determined (partial) grey mould resistance opens the way for resistance breeding in cultured tomato varieties. Reducing the infection frequency may slow down disease outgrowth and delay the moment of sporulation, culminating in a lower inoculum pressure in an infested greenhouse. The inoculum dosage and experimental conditions in this study were chosen such that they optimized B. cinerea infection. Disease pressure in commercial greenhouses is probably lower and environmental conditions are less favourable for pathogen invasion and establishment. Thus the partial resistance levels that were identified may in practice turn out to be even more promising. Wild Solanum accessions displaying a reduction of either disease parameter thus provide useful sources for introgressing two separate traits for partial resistance to grey mould into cultured tomato. Two of the accessions described here have been used for introgressing resistance into cv. Moneymaker. QTL analysis of segregating populations from these crosses will be published elsewhere.
